Patients with rectal adenocarcinoma are at increased risk of locoregional recurrence compared with patients with colon cancer. This may affect the pattern of recurrence and survival rates following hepatic resection of liver metastases from rectal adenocarcinoma.
tion plus radiofrequency ablation (17.8%), or radiofrequency ablation only (0.7%). With a median follow-up time of 30.7 months, 80 of 141 patients (56.7%) developed recurrence; 23 patients (16.3%) developed recurrence in the pelvis. Of 23 patients with pelvic recurrence, 56.5% also developed recurrence in the liver. The 3-and 5-year survival rates for all patients were 62.4% and 36.4%, respectively. Of 80 patients who had a recurrence following hepatic metastectomy, 23 (28.8%) underwent another operation. Following repeat metastectomy, 3-and 5-year survival rates were 76.7% and 38.6%, respectively.
Conclusions: Following resection of hepatic rectal metastases, pelvic recurrence is relatively common, and most patients with pelvic recurrence will also develop recurrence in the liver. Surgery for recurrent disease following hepatic resection of rectal metastases is warranted among well-selected patients.
Arch Surg. 2008; 143(8) : [743] [744] [745] [746] [747] [748] [749] E ACH YEAR IN THE UNITED States, 150 000 patients 1 are diagnosed as having colorectal adenocarcinoma, approximately 40 000 of whom have a primary rectal tumor. 2 About 20% of patients with colorectal adenocarcinoma will have hepatic metastases that are limited to the liver at the time of diagnosis or will develop such metastases during their illness. [3] [4] [5] Liver resection currently represents thebesttherapeuticoption.Despiteimprovements in overall survival following liver resection to treat colorectal metastases, [6] [7] [8] [9] 50% to 60% of patients develop a recurrence of the disease. [10] [11] [12] In particular, primary rectal tumors are associated with an increased risk of locoregional recurrence compared with primary colon lesions. Specifically, the local recurrenceratefollowingrectalsurgeryranges from 3% to 30%. 13, 14 Traditionally, the primary tumor site has not been associated with differences in survival rates. 15 However, because patients with colorectal liver metastasesnowenjoyamuchlongermediansurvival time, more recently there has been concern that locoregional pelvic recurrence may adversely affect survival in patients with rectal cancer. Few, if any, studies have actually analyzedpatternsofrecurrenceandoutcome specifically in patients who present with rectal liver metastases.
The purpose of the current study was to determine the pattern of recurrence and the disease-free and overall survival rates of patients undergoing curative hepatic resection of liver metastases from rectal adenocarcinoma. We sought to examine how the primary rectal tumor site and the pattern of recurrence affected disease-free and overall survival rates following hepatic metastectomy.
METHODS
From April 1, 1984, to December 31, 2005 , 582 consecutive patients who underwent hepatic resection for colorectal liver metastases at The Johns Hopkins Hospital were identified from our prospective institutional database. Only patients with colorectal liver metastases who were operated on with a curative intent were included in the study. Patients were deemed to have resectable hepatic disease only if it was anticipated that the metastasis could be completely resected, at least 2 adjacent liver segments could be spared, vascular inflow and outflow could be preserved, and the volume of the liver remaining after resection would be adequate. 16 When applicable, radiofrequency ablation (RFA) was administered using the Starburst XLi or XLi-Enhanced device (Rita Medical Systems, Manchester, Georgia).
Standard demographic, clinicopathological, and tumorspecific data were collected for each patient. Specifically, data on carcinoembryonic antigen level, treatment-related variables, primary tumor location, American Joint Commission on Cancer stage (TNM classification), synchronous vs metachronous presentation, and hepatic metastasis number, size, and location were assessed. Following the surgical procedure, all patients were regularly followed up and prospectively monitored. Vital status and recurrence-related information were collected. With regard to recurrence, the sequence and overall pattern of recurrence were noted. Pelvic recurrence was defined as any locoregional (nodal, soft-tissue, or true mucosal) recurrence within the pelvis.
Summary statistics were obtained using established methods and presented as percentages or median values with the interquartile range. Time to recurrence and survival were estimated using the nonparametric product limit method (Kaplan-Meier). 17 Differences in recurrence and survival were examined using the log-rank test. Factors associated with recurrence and survival were examined using univariate and multivariate Cox regression analyses. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated, and PϽ.05 was considered significant. All statistical analyses were performed using SPSS statistical software, version 11.5 (SPSS Inc, Chicago, Illinois).
RESULTS

CLINICOPATHOLOGICAL CHARACTERISTICS
Of 582 patients who underwent metastectomy for colorectal liver metastasis, 441 (75.8%) had a primary colon tumor and 141 (24.2%) had a primary rectal lesion. Patients with colon and rectal tumors were similar with regard to most clinicopathological factors ( Table 1) .
Among the 141 patients with primary rectal tumors, most rectal tumors were treated with chemoradiation therapy (59.6%) and low anterior resection (63.1%) ( Table 2 ). Following resection of the primary rectal tumor, pathological analysis revealed no evidence of macroscopic residual tumor in 8 patients (5.7%) (residual microscopic carcinoma only in 5 patients and complete pathological response with no microscopic evidence of carcinoma in 3). Surgical treatment for hepatic metastases was resection only in 115 patients (81.5%), RFA only for tumors in unresectable locations in 1 patient (0.7%), and resection of large or dominant lesions combined with RFA of smaller lesions in 25 patients (17.8%). Of 140 patients who underwent surgical resection, 95 (67.9%) had an anatomic resection and 45 (32.1%) had a nonanatomic resection. On final pathological analysis of the 141 patients with a primary rectal tumor who un- derwent metastectomy, no patient had a macroscopically positive margin (R2); the margin status was microscopically positive (R1) in 9 patients (6.4%) and microscopically negative (R0) in 132 (93.6%). Patients who underwent less than a hemihepatectomy were more likely to be treated by RFA (20.2%) than were patients who had a more extensive resection (2.1%) (P Ͻ.001).
Of patients with hepatic metastasis from a primary rectal tumor site, 45 (31.9%) received preoperative systemic chemotherapy before surgical treatment. Adjuvant postoperative therapy alone was administered to 81 patients (57.4%), whereas 11 (7.8%) received both preoperative and postoperative therapy. We were particularly interested in looking at how the treatment of patients with rectal tumors differed based on whether they presented with metachronous or synchronous disease ( In patients with metachronous disease (n=84), the median interval from the time of diagnosis of primary rectal tumor to diagnosis of hepatic metastases was 16.8 months.
Following hepatic resection of rectal liver metastases, the perioperative complication rate was 19.9%. The median length of stay was 7 days (interquartile range, 5-9 days). Three patients died within 90 days of treatment, for a perioperative mortality rate of 2.1%.
PATTERNS OF RECURRENCE AND DISEASE-FREE SURVIVAL
With a median follow-up of 30.7 months, 80 of 141 patients (56.7%) developed a recurrence. Among 141 patients with hepatic metastases from a primary rectal tumor, 23 (16.3%) developed pelvic disease as a final component of recurrence. The sites of locoregional pelvic recurrence included lymph nodes (n=3), soft tissue/ pelvic side wall (n = 16), and the surgical anastomosis (n = 4). Most patients who developed a pelvic recurrence also had a recurrence outside of the pelvis, with the liver being the most common site of additional metastatic disease ( Table 4) . Of 23 patients who ultimately developed a pelvic recurrence, 13 (56.5%) also developed a recurrence in the liver. In total, 61 patients (43.3%) eventually developed a recurrence within the liver; 22 (36.1%) had liver-only recurrence, whereas 39 (48.9%) developed a recurrence within the liver plus an extrahepatic site. Stratifying recurrence by disease site, the 5-year overall risk of pelvic recurrence was 23.4% compared with 49.0% for hepatic recurrence (Figure 1 ).
Factors associated with increased risk of pelvic recurrence included a preoperative carcinoembryonic antigen level higher than 200 ng/mL (to convert to micrograms per liter, multiply by 1.0) (HR, 2.31; 95% CI, 0.68-7.78; P = .18) and a history of abdominoperineal resection (2.35; 0.82-6.79; P = .11). The date of rectal resection before 1994 also tended to be associated with an increased risk of pelvic recurrence (HR,2.27; 95% CI, 0.98-5.26; P=.06). Chemoradiation therapy appeared to have a protective effect with regard to pelvic recurrence (HR, 0.37; 95% CI, 0.07-1.99; P =.25), although the finding was not statistically significant.
On univariate analysis, factors associated with the risk of hepatic recurrence included hepatic resection involving less than a hemihepatectomy (HR,2.63; 95% CI, 1.33-5.15), positive margin status (2.5; 1.17-5.40), and history of RFA (3.0; 1.65-5.43) (all PϽ.05). On multivariate analysis, history of RFA treatment was the only factor independently associated with the risk of hepatic recur- rence. Specifically, patients who were treated with RFA only or resection plus RFA had a higher 5-year recurrence rate than did patients who underwent resection alone (37.5% vs 10.4%, respectively; P Ͻ.05).
The 1-, 3-, and 5-year actuarial disease-free survival rates for patients with hepatic metastases from a primary rectal site were 68.4%, 34.5%, and 32.9%, respectively. Compared with patients who presented with a primary colon carcinoma site, patients with primary rectal tumors had similar disease-free survival following hepatic metastectomy (Figure 2A) . Specifically, the 5-year disease-free survival rate was the same regardless of whether the primary tumor site was the colon or rectum (colon primary, 28.2%; rectal primary, 32.9%; P=.63).
Patients with rectal cancer who underwent resection of their primary lesion before 1994 (n = 36) had a worse median disease-free survival time (12.8 months) than did patients who underwent surgery for their primary tumor more recently (21.0 months) (P = .02). In contrast, patients who had a complete primary tumor pathological response following neoadjuvant rectal chemoradiation therapy had an improved median disease-free survival time (29.2 months; P = .07). Other liver-related factors associated with shorter disease-free survival following hepatic metastectomy included tumor size (HR,1.69; 95% CI, 0.89-2.85), positive margin status (2.81; 1.42-5.56), and history of RFA (2.07; 1.19-3.59) (all PϽ.05).
OVERALL SURVIVAL
The median overall survival time following hepatic resection of metastases from a primary rectal tumor site was 42.1 months, and the 1-, 3-, and 5-year actuarial overall survival rates were 95.6%, 62.4%, and 36.4%, respectively. There was no difference in the overall survival rate between patients who had a primary colon vs primary rectal tumor site (5-year survival: primary colon, 40.3%; primary rectal, 36.4%; P = .98) ( Figure 2B ). Statistical analyses revealed several factors that were associated with poorer overall survival in patients with primary rectal tumors, including having a preoperative carcinoembryonic antigen level higher than 200 ng/mL (HR,2.13; 95% CI, 1.18-3.83; P = .01) and N2 nodal disease (HR,2.61; 95% CI, 1.49-4.58; P=.001). Although the trend was not statistically significant, patients who underwent resection of their primary rectal lesion before 1994 had a worse median overall survival time (35.6 months) compared with patients who underwent surgical treatment for their primary tumor more recently (47.9 months) (P=.06).
Another factor associated with overall survival in patients with metastatic rectal carcinoma following hepatic metastectomy was number of recurrent metastatic sites. That is, patients who developed recurrence at only 1 disease site (median survival time, 39.9 months) had significantly greater long-term survival time than did patients who developed recurrence at multiple anatomic sites (median survival time, 26.6 months) (P=.004) ( Figure 3A) . Whereas the number of recurrent sites had an important effect on survival time, the location of the recurrent disease did not seem to affect survival. Specifically, long-term survival was similar in those patients who developed a recurrence, regardless of whether the recurrence occurred in the pelvis, liver, or other anatomic site ( Figure 3B ).
SURGERY FOR RECURRENT DISEASE FOLLOWING HEPATIC METASTECTOMY
Of 80 patients who developed a recurrence following hepatic metastectomy, 35 patients (43.4%) underwent a repeat procedure, 23 (28.8%) of which were of curative intent. In these 23 patients, the site of recurrent disease following hepatic metastectomy included the pelvis only (n=6), lungs only (n=5), liver only (n=10), liver and pelvis (n = 1), and liver and lungs (n = 1). For the 23 patients operated on with curative intent, repeat surgical treatment included abdominoperineal resection (n=1), repeat low anterior resection (n=2), pelvic exenteration (n=2), pulmonary wedge resection (n=3), pulmonary lobectomy (n=2), hepatic wedge resection (n=5), and hepatic hemihepatectomy (n = 5). Among those who required a repeat procedure, 1 patient underwent a staged partial hepatectomy combined with a low anterior resection, and 1 patient underwent a simultaneous repeated hepatic wedge resection combined with a right inferior pulmonary lobectomy. Of 23 patients who underwent a repeat operation with curative intent, the 3-and 5-year survival rates were 76.7% and 38.6%, respectively, after repeat liver resection.
COMMENT
The current study is, to our knowledge, the first specifically to examine the incidence and patterns of recurrence following hepatic resection of primary rectal carcinoma metastasis. Our data demonstrate that in a population of patients with metastatic rectal carcinoma to the liver, hepatic metastectomy resulted in a 5-year survival rate of 36.4%. However, most patients (67.1%) did develop a recurrence. Although the incidence of locoregional recurrence was higher in patients with a primary rectal tumor, the overall rate of recurrence was similar comparing patients with a primary colon (28.3%) vs a primary rectal (32.9%) tumor site (P =.63). For patients with a primary rectal tumor, few (16.3%) had developed a recurrence within the pelvis at the time of last follow-up visit. The high rate of pelvic recurrence following hepatic resection has important implications because it emphasizes that adequate therapy of pelvic and hepatic disease is important and that close surveillance of the pelvis is necessary following resection of rectal liver metastases.
Before the adoption of the sharp total mesorectal excision (TME) technique, the locoregional recurrence rate following resection of rectal carcinoma was 20% to 30%, [18] [19] [20] with some studies even reporting recurrence rates as high as 50%. 21 Blunt dissection to mobilize the rectum was believed to disrupt the mesorectal fascia and the adjacent tumor, leading to an increased risk of pelvic recurrence. 22 Multiple controlled trials have shown that with the introduction of TME as the standard surgical technique for rectal carcinoma, the incidence of local recurrence has significantly decreased. [23] [24] [25] [26] As such, local recurrence rates more recently have been reported to be in the range of 3% to 15%. [23] [24] [25] [26] [27] In the current study, 16.3% of patients had developed a recurrence at the time of last follow-up visit; however, time-to-event analysis estimated that the 5-year actuarial pelvic recurrence rate was 23.4%. There are a number of possible reasons why the local recurrence rate in the current study was higher than other contemporary studies of localized rectal cancer. Local pelvic recurrence has been shown to be independently associated with the stage (T category, nodal status) and the location of the lesion within the rectum, as well as period of diagnosis (conventional surgery vs TME resection). 28 Our data support this latter finding; patients who underwent resection of their primary rectal lesion before 1994 (eg, before the widespread introduction of TME) had a worse median disease-free survival time and tended to have more pelvic recurrences. In addition, the overwhelming majority of patients in the current study also had rectal tumors with advanced T-stage (85.8%) and node-positive (65.1%) disease. More important, our study included more than 40% of patients Figure 3 . A, In patients with a primary rectal tumor, the number of recurrence sites was associated with survival following metastectomy. Patients who developed recurrence at only 1 disease site had a significantly better long-term survival rate compared with patients who developed recurrence at multiple anatomic sites. B, The location of the recurrent disease did not, however, affect outcome. Survival was similar among patients who developed recurrence, regardless of whether the site of recurrence was the pelvis, the liver, or another anatomic site. 
The National Institutes of Health Consensus Conference on rectal cancer has recommended postoperative chemoradiation for patients with transmural and/or nodepositive rectal cancer. 29 These recommendations were largely based on data that showed decreased local recurrence rates with chemoradiation. 30 More recently, the German Rectal Cancer Study Group 31 reported the results of a large, prospective, randomized trial that compared preoperative vs postoperative chemoradiation to treat clinical stage II and stage III disease. Although there was no difference in overall survival between the 2 groups, there was a significant reduction in the local recurrence rate (preoperative: 6% vs postoperative: 13%; P =.006) and treatment toxicity in the preoperative group. As such, the coordination of multimodality therapy is critical for successfully treating patients with primary rectal carcinoma. This can be particularly challenging in patients who present with synchronous local and systemic disease. In the current study, only 59.6% of patients received chemoradiation therapy-either preoperatively or postoperatively-despite the fact that the overwhelming majority of patients had T3/T4 (85.8%) and N1 (68.1%) disease. Perhaps even more significant was the finding that only 35.1% of patients with synchronous disease were treated with rectal chemoradiation therapy. Patients with synchronous disease instead were much more likely to be treated with preoperative systemic chemotherapy ( Table 3 ). We did note that a history of chemoradiation therapy tended to have a protective effect on the risk of pelvic recurrence (HR, 0.37; 95% CI, 0.07-1.99; P =.25). This finding was not statistically significant, probably because the current study was underpowered. In the Dutch TME trial, 28 local recurrence was significantly higher when radiation therapy was excluded, suggesting that radiation therapy remains important in the era of TME. Whether the omission of chemoradiation in patients with a synchronous rectal tumor and hepatic metastasis leads to higher locoregional recurrence rates requires further study.
Another interesting finding of the current study was that most patients who developed recurrence in the pelvis also developed recurrence in the liver. In fact, the liver was the most common site of failure following hepatic metastectomy. Of 80 patients with rectal cancer who developed a recurrence, 25.0% had disease in the pelvis as a component of their first site of recurrence. In comparison, more than 50% of patients initially had recurrence in the liver (Table 4) . Ultimately, 28.8% of patients developed recurrence in the pelvis, and 56.5% of these patients also developed recurrence in the liver. These patternof-recurrence data have important implications for postoperative surveillance purposes and in planning adjuvant therapy. Because most recurrences occur systemically, improvements in survival will likely depend on the use of systemic chemotherapy. In the current series, despite the high rate of R0 resection, virtually all patients (97.1%) received some form of systemic chemotherapy. Although evidence for the use of adjuvant systemic chemotherapy in the setting of an R0 hepatic resection is lacking, we strongly favor its use based on data extrapolated from stage III colorectal disease as well as emerging data that specifically address stage IV disease. 32, 33 Recurrence at disease sites such as the pelvis has traditionally been met with clinical nihilism. However, data from the current study suggest that the total number of recurrent sites, and not necessarily their location, was the most important prognostic factor. Specifically, patients who developed recurrence at only 1 disease site had a significantly better long-term survival duration than did patients who developed recurrence at multiple anatomic sites ( Figure 3A) . In contrast, the location of the recurrent disease did not seem to affect survival ( Figure 3B ). These data support previous work by Elias et al 34 that showed that the total number of metastases, inside or outside the liver, had a greater prognostic value than the location of the metastatic disease. In light of such data, a second resection should be strongly considered in patients with low volume recurrent locoregional or metastatic disease, regardless of the site. In the current series, of 80 patients who developed recurrence and underwent a repeat operation with curative intent, 3-and 5-year survival rates were 76.7% and 38.6%, respectively, not dissimilar to the 3-and 5-year overall survival rates following initial metastectomy. Our data, therefore, support the use of a second resection to treat locoregional and metastatic disease.
In conclusion, disease-free and overall survival duration were similar in patients undergoing hepatic resection regardless of whether the primary tumor site was the colon or rectum. Following liver resection of rectal metastases, local recurrence of pelvic disease was common, occurring in up to 25% of patients. In patients presenting with stage IV disease and potentially resectable liver metastases, adequate surgical resection of the primary tumor and prudent use of chemoradiation therapy should be considered. Furthermore, routine imaging of the pelvis following resection of rectal liver metastases is an important component in the surveillance of this cohort of patients. Finally, patients who develop recurrence in the pelvis also frequently develop recurrence in the liver. Overall survival is associated with the number of recurrent sites, but not necessarily the site of recurrence. Surgical treatment for recurrent disease following hepatic resection of rectal liver metastasis should be strongly considered because long-term survival can be achieved in well-selected patients. 
INVITED CRITIQUE
I
read with interest the article by Assumpcao and colleagues, assessing outcomes for patients with hepatic metastases from rectal adenocarcinoma primary tumors. Rectal adenocarcinoma is often lumped with colon cancer; however, treatment, pattern of recurrence, and outcome can be quite different. Only 24% of hepatic resections in the current study were in patients with a primary rectal tumor site, whereas the rectum represents the primary site for nearly 33% of all colorectal cancer cases. This disparity has been demonstrated 1 and 
